The administration of IFN-γ or IL-2 or TNF-α to normal It has been proposed that successful pregnancy is a T pregnant mice has been shown to cause abortion (Chaouat helper 2-type phenomenon, and that T helper (Th) 1-type et al., 1990) . reactivity is deleterious to pregnancy. The objective of this Interestingly, the cytokines that have deleterious effects on study was to compare the concentrations of Th1 and Th2 the placenta and on pregnancy, i.e. IL-2, IFN-γ and TNF-β, cytokines produced by peripheral blood mononuclear cells together fit the profile of T helper (Th)1 cells. Th1 and Th2 from women undergoing unexplained recurrent spontancells represent two polarized forms of T helper cells, and as eous abortion (RSA) with those produced during normal the major functional subsets of Th cells they mobilize different pregnancy at a similar gestational stage. The control group types of effector responses (Mosmann and Coffman, 1989 ; consisted of 24 women with a history of successful pregnan- Romagnani, 1994 ). Th1 cells induce several cell-mediated cies and the abortion group comprised of 23 women with cytotoxic and inflammatory reactions via IL-2, IFN-γ and a history of unexplained RSA. Blood from the control TNF-β, while Th2 cells are associated primarily with the group was obtained at the end of the first trimester as provision of help for B cell antibody production via the gestational age controls for the abortion group from whom characteristic Th2-type cytokines, IL-4, IL-5, IL-6 and IL-10 blood was collected at the time of abortion. Phytohaemag- (Mosmann and Sad, 1996) . If Th1-type cytokines are indeed glutinin-stimulated peripheral blood cell culture supernatdeleterious to pregnancy (Chaouat et al., 1990; Hill, 1995 ; ants were analysed for concentrations of cytokines. Hill et al., 1995; Marzi et al., 1996) , Th2-type cytokines may Significantly higher concentrations of Th2 cytokines were be conducive to pregnancy, and Th2-type immunity has been produced by the first trimester normal group than by the proposed to be the normal profile in successful pregnancy RSA group, while significantly higher concentrations of (Wegmann et al., 1993; Chaouat et al., 1995;  Raghupathy, Th1 cytokines were produced by the abortion group as 1997). Thus, there appears to be a basis for the notion that compared to first trimester normal pregnancy, indicating successful pregnancy is associated with a Th2-bias and that a a distinct Th2-bias in normal pregnancy and a Th1-bias shift towards Th1-dominance may be associated with unexin unexplained RSA.
plained RSA. Key words: cytokines/recurrent abortions/T helper 1/T helper 2 It has previously been demonstrated that upon mitogen stimulation, PBMC obtained at the time of normal delivery from women with a history of successful pregnancy produced significantly higher concentrations of Th2-type cytokines and Introduction significantly lower concentrations of Th1-type cytokines as compared to women undergoing recurrent spontaneous abortion The conceptus appears to be fairly impervious to attack by humoral immunity except for anti-phospholipid antibodies . In the present study, the cytokine production profile of women having a history of RSA was which represent the only well substantiated antibody-mediated cause for pregnancy loss (reviewed by Hill, 1995) . On the compared with the profile seen in normal pregnancy at the end of the first trimester. contrary, cellular immunity, mediated by effector cells and/or cytokines released by them, has significant deleterious effects on the conceptus. Tumour necrosis factor (TNF)-α stimulates Materials and methods the programmed death of human primary villous trophoblast cells and interferon (IFN)-γ augments TNF-mediated killing Subjects of trophoblasts (Yui et al., 1994) . Both these cytokines inhibit 96 h also showed a trend towards higher concentrations but the differences were not significant. There was therefore an Mitogen-induced stimulation of PBMC overall tendency for women at the first trimester of normal towards higher production of these three Th1 cytokines in the RSA group. Overall, in contrast to the higher production of
Determination of cytokine concentrations
Th2-type cytokines by the normal group at the first trimester, IL-2, IL-4, IL-5, IL-6, IL-10, TNF-α and IFN-γ were assayed by Th1-type cytokines were secreted at higher concentrations by enzyme-linked immunosorbent assay (ELISA) using kits obtained the RSA group as compared to the normal first trimester group. The ratios of the various Th1 to Th2 cytokines were calculated were followed. Each supernatant sample was tested in triplicate in a blinded fashion. Standard curves were plotted for each of the cytokines by comparing the mean values in different combinations; as using reference recombinant cytokines supplied by the manufacturer can be seen from Table I, the Th1:Th2 cytokine ratios in all and the results read from these curves. The sensitivities of each of the combinations were higher in the RSA group than in the the assays were as follows: IL-2, 5 pg/ml; TNF-α, 10 pg/ml; TNFfirst trimester normal group, suggesting a greater overall bias β, 7 pg/ml; IFN-γ, 3 pg/ml; IL-4, 5 pg/ml; IL-5, 1 pg/ml; IL-6, 3 pg/ towards Th1-type reactivity in the RSA group. For example, ml; and IL-10, 5 pg/ml. the IL-2:IL-10 ratio at both the 24 and 96 h points is at least 80-fold higher in the RSA group, than in the normal group, Statistical analysis and the IFN:IL-10 ratio at both the time points is about 30
The standard Mann-Whitney U-test was used for non-parametric fold higher in the RSA group. Interestingly, although the comparisons of median cytokine concentrations.
concentrations of IFN-γ, TNF-α and TNF-β at 24 h were not significantly different, the ratios of these Th1 cytokines to Th2 cytokines were consistently higher in the RSA group (Table I) . Results
Proliferative responses of PBMC
Discussion Stimulation indices (SI) of the normal pregnancy first trimester group ranged from 1 to 181 with a median of 29, while the Chromosomal anomalies, endocrinological problems, anatom-SI of the RSA group ranged from 1 to 204 with a median of ical abnormalities and infections form the category of so-50. No significant differences were apparent in the median SI called 'explained' causes of recurrent spontaneous abortions of the two groups. (Bennett, 1987; Portnoi et al., 1988; Ashworth, 1992; Hill, 1992 Hill, , 1995 ; however, all of these put together account for Comparison of Th2 cytokine production the aetiology of only 40-60% of couples experiencing RSA (Stray-Pederson and Stray-Pederson, 1984). It has been pro-PBMC from normal pregnant women and from women with RSA were cultured with PHA and the supernatants tested for posed that cell-mediated immunological mechanisms may showed increased production of IL-4 and IL-10 and decreased aborters (Marzi et al., 1996) . In a larger study consisting of 54 women with normal pregnancy and 23 women with
Cytokine ratio Normal first trimester RSA unexplained RSA, a similar Th1-Th2 dichotomy was shown when normal pregnant women were compared at delivery with 24 h culture women undergoing RSA . However, a were found at the 12 week point in normal pregnancy compared inhibitory for each other (Mosmann and Coffman, 1994;  TNFβ:IL-10 0.3 11 Romagnani, 1994) , it is likely that a shift towards Th1 bias may tend to down-regulate further Th2 reactivity.
IL ϭ interleukin; IFN ϭ interferon; TNF ϭ tumour necrosis factor.
The data presented here may be viewed with three caveats. Firstly, chromosomal abnormalities are responsible for a proaccount for a proportion of the cases of 'unexplained' RSA and it is likely that Th1-mediated maternal reactivity may well portion of spontaneous abortions and while the recurrent aborters in this study and their husbands were karyotyped, the turn out to be an important cause of recurrent pregnancy loss (Hill, 1992 (Hill, , 1995 Wegmann et al., 1993; Hill et al., 1995;  abortuses were not. Thus, it was not possible to rule out the possibility of aneuploidy in the fetuses. Secondly, the data Marzi et al., 1996; Raghupathy, 1997) .
Studies on human pregnancy failure conducted in four presented reflect events related to maternal blood cells in the periphery and not to the placenta itself, as events at the laboratories, support the concept that successful pregnancy occurs in a Th2-biased situation, while Th1-type immunity maternal-fetal interface were not investigated. It would be of great interest to analyse events at the interface and at the may lead to pregnancy failure. Studies in Hill's laboratory (Hill et al., 1995) have shown that the PBMC of women with placental bed. Piccini et al. (Piccini et al., 1998) examined T cell clones generated from T cells infiltrating the decidua and a history of RSA when stimulated with a trophoblast antigen extract produce higher concentrations of the Th1 cytokines found significantly increased concentrations of Th2 cytokine production in normal women as compared to recurrent aborters. IFN-γ and TNF as compared to normal pregnancy. It has been demonstrated that the stimulation of maternal PBMC with Thirdly, the current study, like many of the studies on human pregnancy failure, has not addressed a direct cause-and-effect autologous placental cells in vitro results in a Th1-biased production of cytokines in women undergoing unexplained relationship between Th1-type reactivity and pregnancy loss; for example, an inflammatory maternal response to a fetus that RSA . That this is mirrored by the situation at the maternal-fetal interface was shown by Piccinni has died due to non-immunological factors, could well manifest a Th1 profile. However, given the association between Th1 et al. (Piccinni et al., 1998) when they demonstrated significantly higher concentrations of IL-4-and IL-10-producing T cell cytokines and pregnancy failure and the demonstrated deleterious effects of Th1 cytokines on the conceptus and on pregnancy, clones from the decidua of women with normal pregnancy than from recurrent aborters. One other study on 40 women it is suggested that Th1-mediated effects may have been the cause of pregnancy failure in at least a proportion of the cases with normal pregnancy and five with spontaneous abortions in the study. TNF-α and IFN-γ inhibit the proliferation of significant decrease in IL-5, IL-6 and IL-10 in the supernatants and the significant increase in IL-2 concentrations. In a study human trophoblast cells in vitro (Berkowitz et al., 1988) and are cytotoxic to human trophoblast cells (Yui et al., 1994) .
comprising normally pregnant women of whom 16 were tested by mitogen-stimulation at the first trimester and 12 in the third The administration of TNF-α, IFN-γ or IL-2 to normal pregnant mice causes abortion (Chaouat et al., 1990) . Concentrations trimester, it was concluded (Marzi et al., 1996) that a Th1 to Th2 shift characterizes the third trimester. One possible of TNF have been shown to be high in other complications of pregnancy, such as pre-eclampsia in which elevated TNF explanation for this apparent discrepancy is that Marzi et al. obtained blood samples at 34 Ϯ 3 weeks of gestation, whereas concentrations appear to be a feature of the disease (reviewed by Kilpatrick et al., 1999) . Uterine resorption sites in a murine our samples were collected from women at the time of delivery and our respective data may reflect the situation prevailing at model of recurrent abortion are infiltrated by natural killer (NK) cells (Gendron and Baines, 1988) ; given the fact that the corresponding stages of gestation. In summary, the data presented here point to an increased the activation of NK cells has been shown to be detrimental to murine pregnancy (Kinsky et al., 1990) and that NK cells Th1-bias in women undergoing unexplained recurrent spontaneous abortion as compared to normal pregnant women at are activated by the Th1 cytokine IFN-γ, the relevance of these data to pregnancy failure is obvious. Concentrations of NK similar stages of gestation. It would be of great significance to demonstrate a cause-and-effect relationship between robust cells have been shown to be abnormally high in women with unexplained recurrent abortion (reviewed by Somigliana et al., Th1-reactivity and pregnancy loss and to develop preventive and therapeutic methods for this problem. 1999) Activated macrophages are present in the decidua of resorbing murine embryos (Baines et al., 1997) and embryo loss in mice has been shown to be associated with local production of nitric oxide (Haddad et al., 1995) . Strong Th1
